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Abstract
This paper applies a taxonomy based on the Perceptual Cycle Model (PCM) to analyse aeronautical critical decision making 
(ACDM) data. The PCM provides a process-oriented explanation of decision making, demonstrating how the combination of 
internally held mental schemata and externally available environmental information interact to produce decisions and actions. 
However, the PCM only provides a high level of description; previous research has developed a taxonomy based on the high 
level categories of schema, action and world, in order to increase the explanatory power of the PCM. The taxonomy was 
applied to analyse twenty ACDM interviews. Sociometric status (a metric of social network analysis) was computed for each 
concept to establish their relative importance when dealing with a critical incident. It is demonstrated that world-based 
concepts are more important than schema-based concepts for ACDM. However, limitations with the methodology may have 
influenced the results and these are discussed, along with potential methodological developments to enhance data collection of 
this nature.
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1. Introduction
This paper seeks to develop the utility of Neisser’s Perceptual Cycle Model (PCM) [1] as an explanatory 
model of decision making. A taxonomy based on the PCM is applied to aeronautical critical decision making data 
(ACDM) and Social Network Analysis (SNA) is utilized to identify key concepts in this process. 
1.1. The PCM and ACDM
The PCM, as depicted in Figure 1, emphasises the role that both schemata (internally held mental templates) 
and world information play on shaping actions, including decisions. Schemata are triggered by contextual 
conditions and direct perception and behaviour, thus interaction in the world. The world information that is 
experienced can have a modifying and updating effect on cognitive schemata, thus influences further interaction. 
This individual model of information processing recognises that cognition is extended beyond the individual 
because behaviours are grounded within the context of the environment in which they occurred. As such, it offers 
a useful framework for explaining the mechanisms involved in decision-making [2, 3]
We propose that the PCM provides a process-oriented approach for understanding ACDM. Decision and 
judgement errors are often a significant contributory factor in incidents and accidents, with some arguing that 
they are the primary factor in over 50% of general aviation accidents [4]. For example, it has been found that 
63% of fatal and serious aviation accidents in an aviation dataset were characterised by decision errors [5]. The 
decision maker acts according to their understanding of the situation at the time, a principle that has been termed 
local rationality [6, 7]. Errors can therefore arise because of deficiencies in the decision makers’ knowledge base 
or in the process of reaching a decision. As such, it is essential to understand why the actions and assessments 
undertaken by a decision maker made sense to them at the time [8]. In the highly automated aviation environment 
more procedural and predictable tasks are handled by machines, whilst humans are left responsible for tasks that 
require diagnoses, judgement, and decision making [9].
The PCM has been most widely applied as an explanatory framework to understand factors such as situation 
awareness or decision-making from the perspective of individuals operating as part of larger systems, in a variety 
of domains including aviation [2, 3] and rail [10, 11]. Whilst the domains of application and methodological 
approaches vary, there are two distinct commonalities. Firstly, the research has usually occurred in situations 
where data are derived from accident reports in which first-hand accounts of incidents are not available [12]. 
Therefore, it is essential that the explanation of decision-making (or any element of behaviour) provided by the
PCM is as accurate and detailed as possible because it is used to propose valid instances of behaviour. Secondly,
Fig. 1. Neisser’s (1976) Perceptual Cycle Model.
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the research efforts have attempted to understand what schemata were held by the operators, what environmental 
information they were exposed to and how these factors interacted to produce their actions and behaviour within 
the context of their operating environment. To our mind, however, one of the biggest limitations of the PCM is 
that in it offers only a very high level of descriptive detail, comprising only the three categories of: schema, 
action and world. Therefore efforts have been undertaken to expand the model to provide a more detailed level of 
description. 
1.2. PCM taxonomy
Previous research [12] developed a bespoke taxonomy for understanding perceptual cycle processes. This was 
based on the three categories of the PCM and consisted of 7 schema categories, 14 action categories and 12 world 
categories. Subsequent review and refinement, including the results of an inter-rater reliability study, has resulted 
in the PCM taxonomy consisting of 6 schema categories, 11 action categories and 11 world categories. The 
taxonomy categories are presented in Table 1.
Table 1. PCM taxonomy categories.
Schema categories Action categories World categories
Vicarious past experience Aviate Natural environmental conditions
Direct past experience Navigate Technological conditions
Trained past experience Communicate Communicated information
Declarative schema System management Location
Analogical schema System monitoring Artefacts
Insufficient schema Environment monitoring Display indications
Concurrent diagnostics Operational context
Decision action Aircraft status
Situation assessment Severity of problem 
Non-action Physical cues
Standard operating 
procedure
Absent information 
It has been argued that developing and utilising taxonomies to assist research efforts can have a number of 
advantages, including the facilitation of efficient and accurate data collection and analysis, establishing common 
terminologies that can be employed by a variety of researchers, and the practical benefits of improved training 
design and performance measurements [13]. In Ergonomics research taxonomies can be used for a variety of 
purposes including classifying behaviour of individuals or teams, predicting risk with error taxonomies and for 
accident analysis purposes. A comprehensive taxonomy should focus on human and environmental dimensions, 
rather than just one or the other, as this allows the impact of each on the other to be understood [13]. The PCM 
taxonomy presented here fulfils this requirement as it captures the three elements of the PCM: internal cognitive 
schema, actions undertaken and world information available. This study applies the taxonomy to critical decision 
making data and employs SNA to understand the relative importance of concepts within the taxonomy. 
2. Method
2.1. Data collection
Twenty helicopter pilots were interviewed using the Critical Decision Method [CDM; 14]. This is one of the 
most commonly used cognitive task analysis methods and achieves knowledge elicitation through the use of 
cognitive probes as a tool for reflecting on strategies and reasons for decisions during non-routine situations [15]. 
The CDM procedure involves participants describing a critical incident they were involved with, defining a
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timeline of events and answering the deepening probes. The deepening probes cover factors including goals, 
experience, decisions, options and information. A more detailed description of the procedure can be found in 
associated literature [e.g. 16, 15, 3].
The twenty pilots that participated in the study were recruited through an advert placed on the British 
Helicopter Association website and via word-of-mouth. The sample consisted of 19 males and 1 female. Twenty 
five percent of the sample was aged between 31-40 years, forty percent were aged between 41-50 years and thirty 
five percent were aged between 51-60 years. The pilots were all relatively experienced; flying hours ranged from 
1150-13000 (mean = 5942, SD = 3304, median = 5000)  The pilots were employed in a variety of occupations 
including Search and Rescue, military, personal passenger transport, North Sea transport and as test pilots. This 
study was granted ethical permission by the University of Southampton Research Ethics Committee. 
Each pilot was interviewed at their place of work and was asked to think of a critical incident they had been 
involved with, which was defined as being a non-routine or un-expected event that was highly challenging and 
involved a high workload in which you were the primary decision maker [16]. Each participant provided a high-
level overview of the incident and structured a timeline of events. After the incident description/timeline 
construction phase, the cognitive probes were asked in relation to the decision making during the incident. The 
interviews were audio recorded and later transcribed. 
2.2. Data analysis 
The data from each interview were structured into six generic phases of incident (including percentage of data 
in each phase): (1) pre-incident (9%), (2) onset of problem (23%), (3) immediate actions (24%), (4) decision 
making (24%), (5) subsequent actions (15%) and (6) incident containment (5%). The interview transcripts were 
then thematically analysed using two coding schemes. Firstly, the PCM coding scheme was applied, in which the 
data was coded as belonging to the schema, action or world category of the PCM (see [3] for a detailed 
description of this coding scheme). This method has been previously applied before for accident reports [2] and 
decision making data [3], in which the coding scheme has demonstrated high levels of inter-and intra-rater 
reliability. Secondly, the data in each of the three high level categories were coded using the PCM taxonomy (see 
Table 1), a description of each category can be found in [12]. 
The focus of this research paper is to explore the importance of the different PCM concepts during ACDM. As 
such, the interview data were collated into a frequency table that captured ‘from-to’ links between the different 
categories as they appeared in the coded transcripts. For example, a text segment coded as ‘schema_direct past 
experience’, followed by a segment coded as ‘action_situation assessment’ (to) was recorded in the frequency 
matrix. This was summed across the twenty interviews to create an amalgamated frequency count for each of the 
six phases and across the data set as a whole.
2.3. Social Network Analysis 
Social Network Analysis (SNA) provides a method to analyse networks as a whole as well as the behavior of 
individual nodes and their interactions [17]. Traditionally, SNA has been applied to understand the behaviour of 
different agents in social networks. However, in recent years the approach has grown increasingly popular in 
Ergonomics research as the metrics in SNA provide a means of quantitatively analyzing different networks 
including task networks and information networks, as well as social networks [17]. A range of network metrics 
are available and  Agna™ is the software tool that supports SNA, for a comprehensive overview of SNA 
interested readers are directed to [17]. 
In this study, the metric of interest was sociometric status (SMS). SMS refers to the relative importance of a 
node (concept) within a network as its calculation is based on the connectedness (i.e. number of connections to 
other nodes) of a particular information element. The argument is that concepts with high SMS values represent 
key concepts as they are highly connected to other concepts within the critical decision making network [17].
Here, the concepts (i.e. PCM subcategories) with a SMS value above the mean plus one standard deviation for the 
network were identified as primary concepts, those with a value higher than the mean but lower than the mean 
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plus one standard deviation were identified as secondary concepts and those with a value lower than the mean 
were identified as tertiary concepts.
3. Results
Table 2 presents the primary, secondary and tertiary concepts for the whole process of dealing with a critical 
incident (i.e. not phase of incident specific). These are listed in order of importance (highest to lowest) based on 
the SMS values. The SMS analysis was also conducted on each of the six phases of flight. Due to space 
constraints three of the phases are described in relation to the primary and secondary concepts:
x Onset of problem phase: This phase was characterised by the primary concept of physical cue. Technological 
conditions and display indication follow as the second and third most relevant world concepts. In this phase 
the most relevant action concept and third most relevant overall concept was aviate, the act of flying the 
aircraft. Other important action concepts included systems monitoring, concurrent diagnostics and systems 
management. The most relevant schema concepts were direct past experience, trained past experience and 
insufficient schema.
x Immediate actions phase: There were no primary concepts in this phase, but the most important concept was 
display indication (world concept) followed by trained past experience (schema concept). Action subtypes 
generally dominated this phase, with seven of the 14 secondary concepts coming from the action category, 
including aviation, systems monitoring, concurrent diagnostics, decision action, communicate, situation 
assessment and standard operating procedures.
x Decision making phase: In this phase, unsurprisingly, decision action was the primary concept. The remaining 
secondary concepts were evenly spread around the three elements of the PCM, with four world concepts 
(location, aircraft status, absent information and display indication), four action concepts (situation 
assessment, communication, aviate and standard operating procedure) and three schema concepts (direct past 
experience, trained past experience and declarative schema).
Table 1. Primary, secondary and tertiary PCM concepts when dealing with a critical incident (letters depict whether the concept belongs to 
schema (S), action (A) or world (W) categories of the PCM).
Primary concepts Secondary concepts Tertiary concepts
Aviate (A) Operational context (W) Standard operating procedure (A)
Decision action (A) Physical cue (W) Absent information (W)
Location (W) Direct past experience (S) Technological conditions (W)
Natural environment (W) Trained past experience (S) Insufficient schema (S)
Display indication (W) Declarative schema (S) Aircraft status (W)
System monitoring (A) System management (A)
Communicate (A) Concurrent diagnostics (A)
Situation assessment (A) Non-action (A)
Communicated information (W) 
Environment monitoring (A)
Artefacts (W) 
Problem severity (W)
Vicarious past experience (S)
Navigate (A)
Analogical schema (S)
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4. Discussion
Decision making can be one of the determining factors regarding whether or not normal situations turn into 
incidents, and incidents turn into accidents. Decision making in complex sociotechnical systems needs to be 
viewed through the lens of distributed cognition and the PCM achieves this by acknowledging the interaction 
between internal cognitive schemata held by the decision makers and the external environment in which decisions 
are made. However, the high level of description provided by the PCM has meant that only a limited level of 
detail is gained about the core areas of the model. This research applied a detailed PCM taxonomy to critical 
decision making data and then analysed the results using the SNA metric of SMS in order to determine the 
relative importance of PCM concepts during ACDM. 
4.1. Summary of results
The analysis showed that the most important concept for ACDM was the action concept of ‘aviate’. This is 
unsurprising given that aviate is the primary task management requirement in the ‘aviate-navigate-communicate-
manage systems’ strategy employed by all pilots when dealing with non-normal situations. It is of paramount 
importance that, regardless of what is happening around them, pilots continue to fly their aircraft. In support of 
this, in a study of task management priorities, it was found that participant’s prioritised ‘aviate’ when dealing 
with non-normal situations [18]. The second most important concept was ‘decision action’. This is to be expected 
in data collected for decision making research and increases confidence with the method for collecting decision-
based data. The next three most relevant concepts were from the world category: location, natural environmental 
conditions and display indications.
The absence of any schema subtypes in the primary concepts suggests that ACDM is predominately driven by 
bottom-up information processing, i.e. the environmental information that is received drives the actions that are 
undertaken. This links to previous findings that during ACDM there is strong, reciprocal, link between world 
information and actions. This has been discussed in relation to automatic, skill-based, behaviour that is 
characteristics of experts (see [19]). However, it is also likely that this finding is influenced by the data collection 
method and is discussed in more detail in Section 4.2. 
Phase specific analysis was presented for the onset of problem, immediate actions and decision making phases 
of dealing with a critical incident. The importance of the PCM concepts varies in different phases. For example, 
the onset of problem phase is characterised by the physical cues and technological conditions that generally 
alerted the pilot to the problem. Aside from aviate, other important action subtypes are systems monitoring, 
concurrent diagnostics, and systems management. The range of both world and schema concepts in the secondary 
concepts suggest that pilots are engaging in both bottom-up and top-down information processing to deal with the 
onset of the problem, i.e. drawing on environmental information and their stored knowledge to trouble shoot what 
might be happening. In the third phase, immediate actions, display indication was the primary concept and the 
next 11 secondary concepts were subtypes of the schema and action categories. This suggests that this phase was 
characterised by top-down information processing which is supported by the importance of trained past 
experience and direct past experience as secondary concepts. Insufficient schema also features as a secondary 
concept which was apparent when pilots’ talked about insufficient background knowledge to deal with the 
problem that was presenting. The most relevant actions are characteristic of a phase that involves ensuring the 
immediate safety of the aircraft, including aviate, systems monitoring, concurrent diagnostics, and situation 
assessment. The immediate action phase is followed by the decision making phase where, unsurprisingly, 
decision action is the primary concept. Secondary concepts include a variety of all three subtypes as text 
segments in this phase related to the actions undertaken once the primary decision was made (e.g. situation 
assessment, communicate, and aviate) and how these actions were influenced by the world information (e.g. 
location, aircraft status and absent information) and stored knowledge (e.g. direct past experience, trained past 
experience, and declarative schema). The decision making phase of the incident is the only phase in which all 
PCM subtypes are represented in the data. 
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4.2. Evaluation
We have previously identified the role of the perceptual cycle in ACDM [2, 3, 19], but from this work we 
were able to explore the finer detail of the interactions. The results make intuitive sense, insomuch that concepts 
have the most relevance in the phases where they would expect to be found and are less relevant in phases where 
they are not expected. For example, decision action is the primary concept in the decision making phase, whereas 
severity of problem and concurrent diagnostics do not feature in the pre-incident phase (because the incident had 
not happened yet). For exploratory studies intuitive sense is important because it points towards the 
appropriateness of the data collection and analysis methods. The relative importance of concepts was objectively 
determined by the sociometric analysis function in Agna™ which suggests that the classification method 
employed with the PCM taxonomy was appropriate for gaining an increased understanding about ACDM. 
A fundamental component of the PCM are schemata, these are akin to internal mental templates and therefore 
cannot be directly measured but only inferred through the manifestation of observable behaviour or recalled 
information [20]. As presented here, contemporary approaches for eliciting schema-based data and inferring 
perceptual cycle processes generally pair data collection methods such as interviews with qualitative data analysis 
including network modelling or thematic analysis. This is a form of cognitive task analysis (CTA) as they are 
approaches that determine the cognitive elements (i.e. mental processes and skills) required for task performance 
and the changes that occur as skills develop [9].  The CDM is one of the most popular CTA methods. However, 
the CDM focuses on eliciting knowledge for behaviours classed as recognition-primed decisions (RPD), i.e. 
decisions for which alternative actions are derived from recognition of critical information and prior knowledge
[14]. The RPD model is the most popular and enduring model in the NDM domain. However, we have previously 
argued that it does not go far enough at acknowledging the interaction between schemata and environmental 
information and the modifying effect each can have on the other [19]. Rather, the RPD model tends to focus on 
the decision making processes that occur in the mind of the decision maker. However, this is only achieved at a 
generic level with questions such as ‘did your experience influence the decisions that you made?’ The findings 
presented here suggest that schema data are not being captured as well as action and world data and therefore 
alternative methods are required that are more suited to extracting the three elements of the PCM. 
4.3. Future research 
It is intended that the PCM taxonomy could be used to devise cognitive prompts that can serve as a data 
elicitation method for understanding the perceptual cycle decision making process. Preliminary work has begun 
to define the prompts and they designed to enable operators to reflect on the three elements of the PCM during 
decision making. An example for the schema category of direct past experience is provided in Figure 2. 
It is envisaged that the PCM prompts will be utilised in a variety of research settings. Its most common 
application is likely to be as a semi-structured interview schedule for decision making situations, with the 
intention that it will aid operators in articulating knowledge that is difficult to verbalise. Unlike the CDM, these 
prompts are intended for use in both critical and non-critical decision making situations and the questions are
written to reflect this. Non-critical decision making presents an important area of study because incidents and
accidents are the by-product of normal functioning with people acting in a way that made sense to them at the 
time [8]. It is intended that relevant prompts can be selected to meet the requirements of the research question(s) 
under investigation.  This is in line with the assertion that when conducting CTA using probes it is not expected
that all probes will be equally relevant for all situations or domains [9]. For example, if the research was
predominately interested in the role of schemata in decision making then only the schema-based prompts could
Fig. 2. Example of cognitive prompts for direct past experience.
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be asked in a post-scenario interview. Metrics, such as SMS, that determine the importance of concepts in 
different incident phases could be utilised to determine the most pertinent prompts to ask in certain situations. 
5. Conclusion
The PCM views decision making through the lens of distributed cognition, providing a process-orientated 
approach for understanding how internally held mental schemata interact with information perceived in the 
external environment to produce actions and behaviours. This study has demonstrated that different elements of 
the perceptual cycle differ in their importance depending on the phase of dealing with a critical incident. 
Understanding what information is utilised, when it is utilised, and how this interacts with actions undertaken is 
taking a step towards being able to develop decision centred training aids, design solutions or procedural 
strategies based on the principles of perceptual cycle information processing. 
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